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Homology of Genome of AXDS-Associated Virus with 
Genomes of Human T-Cell Leukemia Viruses 

Abstract. A T iymphotropic virus found in patients with the acquired immune 
deficiency syndrome (AIDS) or lymphadenopathy syndrome has been postulated to 
be the cause of AIDS. Immunological analysis of this retrovirus and its biological 
properties suggest that it is a member of the family of human T-lymphotropic 
retroviruses known as HTLV. Accordingly, it has been named HTLV-III. In the 
present report it is shown by nuclei'cacid hybridization that sequences of the genome 
of HTLV-III are homologous to the structural genes (gag, pol, and env) of both 
HTLV-I and HTLV -II and to a potential coding region called pX located between the 
env gene and the long terminal repeating sequence that is unique to the HTLV family 
of retroviruses. 



a i iS~ results in a change of onl^gfcout 20 
mV in the corresponding compter Eh in 

Fig. 2. whereas the total vertical range 
exceeds 1000 mV. The same argument 
applies to the computed activity coeffi- 
cients; any realistic change in activity 
coefficients results in a trivial change in 
*he distribution of computed Eh values. 

The pH is important in determining the 
distribution of points in Fig. 2. In fact, 
the linear correlation among computed 
pE (negative logarithm of the electron 
activity) (or Eh) values reported in some 
publications, for example. (5). for coex- 
isting aqueous couples appears to reflect 
an autocorrelation among the dominant 
pH terms in the Nernst equations for 
each of the couples. 

There are published suggestions that 
Eh measurements might be improved if 
the values were computed from analyses 
of "indicator" couples, such as P/IOJ" 
(15) or As(III)/As(V) (16). Unfortunate- 
ly, this approach does not circumvent 
the fundamental difficulty that redox re- 
actions in the waters are not at internal 
equilibrium among themselves. There- 
fore, an "indicator" Eh no more repre- 
sents a master redox value for the water 
than the usual Eh as measured by- a 
noble-metal electrode. Whitfield (4) has 
suggested that Eh measurements may 
still be useful as qualitative indicators of 
the overall redox state of a water sample. 
However, we believe that it would be 
better to measure certain sensitive spe- 
cies, such as aqueous oxygen, hydrogen 
sulfide, or methane as qualitative guides 
to the redox status of the waters. 

The concept of Eh remains a valuable 
tool for theoretical and pedantic pur- 
poses. However, in the apparent ab- 
sence of internal redox equilibrium, in- 
vestigators should abandon the use of 
any measured master Eh for predicting 
the equilibrium chemistry of redox reac- 
tions in normal ground waters. Our con- 
clusions are most severe in the context 
of predictive computer modeling of the 
chemistry of natural waters and waste- 
waters. In order to provide meaningful 
redox input for such models, it may be 
necessary to analyze the samples for the 
dominant ions of every redox element of 
interest. Wolery (17) has suggested this 
approach for testing the state of redox 
equilibrium, using his EQ3NR computer 
model. If any measured Eh is used as 
input for equilibrium calculations, the 
burden rests with the investigator to 
demonstrate the reversibility of the sys- 
tem. 

Ralph D. Lindberg 
Donald D. Runnells* 
Department of Geological Sciences. 
University of Colorado. Boulder 80309 
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Human T-cell leukemia virus (HTLV) 
was first identified as an infectious agent 
etiologically associated with adult T-cell 
leukemia (ATL) (/). A related but dis- 
tinct retrovirus was isolated from a T- 
cell variant of hairy cell leukemia (2). 
These viruses, known, respectively, as 
HTLV-I and HTLV-II, show a tropism 
for human T cells, particularly OKT4" 
cells, and have the capacity to immortal- 
ize and transform normal T cells in cul- 
ture (J), alter certain T-cell immune 
functions in vitro (4), induce the forma- 
tion of giant multinucleated T cells (5). 
and, in some cases, selectively kill cer- 
tain T cells (6). These properties and 
data from epidemiologic studies of the 
acquired immune deficiency syndrome 
(AIDS), which is uniformly associated 
with OKT4 * helper cell depletion (7). led 
us and others to speculate (8) that a 
member of the HTLV family might be 
the etiological agent of this disease. In 
support of this hypothesis was the find- 
ing that up to 80 percent of AIDS pa- 
tients, but less than 1 percent of non- 



AIDS patients from similar risk groups, 
have serum antibodies that react with the 
envelope protein of HTLV (9). Howev- 
er, actual isolations of the known sub- 
groups of HTLV (that is, HTLV-I and 
HTLV-II) from AIDS patients were in- 
frequent (10). 

Recently, we reported repeated isola- 
tions of a T Iymphotropic retrovirus with 
cytopathic but not immortalizing activity 
from patients with AIDS (//). This virus 
can be grown in a previously immortal- 
ized T-cell line (HT) that is relatively 
resistant to the cytopathic effects of the 
virus and can grow in the absence of T- 
cell growth factor (interleukin-2) (12). 
Using the infected cells as well as puri- 
fied virus particles in immunological as- 
says, we found that the serum of 80 to 
100 percent of AIDS patients and 70 to 
80 percent of patients with lymphadeno- 
pathy syndrome reacted positively (13). 
On the basis of its T-cell tropism. the 
size and Mg : * preference of its reverse 
transcriptase, the size of its major core 
protein (24.000 daltons) (14). some ami- 



genv.-cross-reactivitv of its proteins^Lh 
* HTLV-I and HTLV-II (14). and te- 
nacity to induce formation of giant multi- 
nucleated cells (12), we considered this 
virus to be a member of the HTLV 
family and designated it HTLV-III. Here 
we show that certain sequences of the 
genome of HTLV-III and both HTLV-I 
and HTLV-II are homologous, with the 
most conserved sequences being located 
within the gag-pol region and less but 
detectable homology occurring in the 
env and pX region. 

Virus panicles were purified from su- 
pernatant fluids of HT cells, clone 9 (H9) 
infected with HTLV-III (HTLV-IH B ) by. 
centrifugation through a sucrose density" 
gradient at equilibrium (12). HTLV-III B 
was originally obtained from pooled su- 
pernatants of short-term lymphocyte cul- 
tures of AIDS patients. Virus panicles 
were also purified from normal peripher- 
al blood lymphocytes newly infected by 



virus of a primary leukocyte culture of 
another AIDS patient (HTLV-III 2 ) {//). 
The particles were lysed with sodium 
dodecyl sulfate (SDS), digested with pro- 
teinase K, and directly chromatographed 
on an oligo(dT) cellulose column. The 
resulting polyadenylate [poly(A)]-con- 
taining RNA was used as template to 
synthesize 3: P-labeled complementary 
DNA (cDNA) in the presence of'oli- 
go(dT) primers. The size of the resultant 
cDNA ranged from 0.1 to 10 kb (not 
shown). When these labeled cDNA's 
were hybridized to poly(A)-containing 
RNA purified from infected and unin- 
fected H9 cells as well as other uninfect- 
ed human cell lines, only the infected H9 
cells contained homologous RNA se- 
quences as evidenced by discrete RNA 
bands after Northern hybridization. Fig- 
ure 1 shows that cDNA preparations 
from HTLV-IHb and HTLV-III 2 gave 
identical patterns, detecting RNA spe- 



•:s of about 9.0. 4.2. and 2.0 kb. These 
nds are similar in size to those corre- 
sponding to genomic size messenger 
RNA (mRNA) and spliced mRNA's of 
env and pX sequences previously ob- 
served in cells infected with HTLV-I 
(15). consistent with the anticipated re- 
latedness of these viruses. Furthermore 
viral mRNA bands of HTLV-II-infectec 
cells were detected with an HTLV-III 
cDNA probe (Fig. lb. lane 6) and again 
the sizes of the mRNA were like those 
with HTLV-I. 

To determine directly the homoloey 
between HTLV-III and HTLV-I and 
HTLV-H, we hybridized HTLV-III 
cDNA to cloned genomes of HTLV-I 
and HTLV-II digested with specific re- 
striction endonucleases. Complete ge- 
nomes of a prototype HTLV-I (16), an 
HTLV-I variant called HTLV-Ib (76), 
and HTLV-II were digested with two 
restriction enzymes as indicated in the 
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Fig. I. HTLV-III-specific sequences in cellu- 
lar RNA from HTLV-infected cells. Poly(A)- 
selected cellular RNA was size-separated by 
formaldehyde-agarose gel electrophoresis, 
transferred to Zeta probe membrane (Bio-Rad 
Labs) by electroelution and hvbridized to (A) 
HTLV-HIb cDNA and (B) HTLV-III 2 
cDNA. (A and B) Lane 1 . uninfected H9 ceils 
1 (5 jig); lane 2, HTLV.IIi B -infected H9 cells 
(10 jig); lane 3, leukemic Jurkat cells (10 jig)- 
lane 4. HTLV-I-infected C5/MJ cells (5 fig) ! 
and lane 5; HTLV-II-infected MO cells (5 
Hg). (B) Lane 6. a longer exposure of lane 5 in 
(B). Poly(A)-selected RNA was prepared by 
guanidine-HCl extraction and cesium chloride 
centrifugation followed by oligo(dT) cellulose 
chromatography as described (24). The cDNA 
was transcribed from poly(A)-se!ected virus- 
associated RNA with the use of oligo(dT) as a 
primer and avian myeloblastosis virus RNA- 
directed DNA polymerase as described (25). 
The hybridization was performed at 37°C for 
16 hours in a mixture containing 40 percent 
formamide. 5x standard sodium chloride and 
sodium citrate (SSC: 0A5M NaCI and 0.0I5A7 
sodium citrate. pH 7). Q.Q5M sodium phos- 
phate buffer (pH 7). 5x PM (0.02 percent each 
of bovine serum albumin, polwinvlpvrrol- 
idone. and Ficoll 400). yeast RNA (200 ^g/ 
ml), denatured salmon sperm DNA (20 n.e/ 
ml), 0.1 percent SDS. and 10 percent dextran 
sulfate. The membrane was subsequently re- 
peatedly washed with 2 x SSC and 0. 1 percent 
SDS at 62 9 C. air-dried, and exposed to a 
Kodak XAR film with the use of intensifying 
screens. ' " 
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Fig. 2. Relatedness of the genome o f HTLV-IHp with the genomes of HTLV-I an d HTLV-II 

^"c^ 18 ! 51 ! 0 " b l thC I e,e ^ nt restriction enzvm « the expected sizes of the fragments 
are shown below the gels. Cloned HTLV-I (XST). HTLV-Ib (XMC), and HTLV-II (pMO) 
s we , re digested with the indicated restriction enzymes and fragments were separated by 
HTiTiff A rop I horesis - transferred to a nitrocellulose membrane (23). and hybridized with 

. ci . 8 ! n " 1 and 2 ' HTLV - 1 (XST) DNA di * ested w 'th Sst I plus Pst I and Sst I 
plus Sal I respectively: lanes 3 and 4. HTLV-Ib (XMC) DNA digested with Sst I plus Pst I and 
Sst I Plus Sal I. respectively; lanes 5 and 6.. HTLV-II (pMO) DNA digested with Bam HI plus 
Xho I and Bam HI plus Eco RI. respectively. HTLV-I (XST) and HTLV-I (XMC) clones u-re 
obtained from the genomic libraries of DNA's from ATL patients S.T. and M.C.. respectivelv. 
Both cellular DNA s were cloned at the Sst I site of phage XgtWES • XB DNA (16) HTLV-I 

div JrUm r Pr ? t0t r e HTLV "' HT V V :' b (XMC) is 3 Variam of HTLV -' '"at contains some 
divergent restnenon enzyme sites, includ.ng the lack of the second Pst I site from the 5" end of 

?.e "of RR 1 (P ?* 0) W " ° btained by subcionin 6 MO ISA (26) at the Bam HI 

site of plasm.d P BR322 DNA. The cDNA was synthesized as described in Fig 1 and 
Mbr.d,zat,on was performed at 37°C for 16 hours in a mixture containing 30 percent formamide. 
5x SSC. 5 x PM. denatured DNA (100 u-g/ml). 0.1 percent SDS. and 10 percent dextran sulfate. 
I he membrane was subsequently washed and exposed as described in Fig. I. 

science, vol. ::s 



,:^gend to Fig. 2 and blot-hybridized to 
* : P-labeied HTLV-UI B cDNA Aegion 
spanning the zag and pol gene^nowed 
the greatest homology. For the proto- 
type HTLV-I, this corresponds to the 
1.7-kb Pst I-Pst I fragment and 5.3-kb 
Sst i-Sal I fragment. HTLV-Ib, which 
lacks a Pst I site indicated in parentheses 
in Fig. 2. revealed the expected 3.0-kb 
Pst I-Pst I fragment instead. Similarly, 
strong hybridization to the gag-pol se-_ 
quences of HTLV-II also occurred. This 
is reflected in the 4.2-kb Bam Hl-Xho I 
fragment and the 4.0-kb Bam HI-Eco RI 
fragment (Fig. 2, lanes 5 and 6). 

Fragments corresponding to the env^ 
and pX sequences of HTLV-I arid 
HTLV-II also hybridized weakly with 
HTLV-HIb cDNA (see the 2.4-kb Pst I- 
Pst I and the 2.1-kb Sst I-Pst I fragment 
in Fig. 2, lane I) as did the 1.4-kb Pst I 
fragment of HTLV-Ib containing only 
pX sequences (Fig. 2. lane 4). The ease 
of detection of these sequences varied 
with different preparations of cDNA, 
probably because of variable representa- 
tions of the 3' end of the virus genome. 
We used cDNA from both HTLV-III B 
and HTLV-III Z . Figure 3 shows the re- 
sults for HTLV-III 2 cDNA. Subclones 
of HTLV-I containing different regions . 
of the genome were hybridized to 
HTLV-HIz cDNA (Fig. 3A). With the 
exception of fragment c. which corre- 
sponds to an internal portion of the pol 
gene, all fragments were detected by 
hybridization, including fragment a 
(LTR-gag) after long exposure of the 
autoradiogram. Similarly, the 3'_half of 
HTLV-II contained in the 3.5-kb Bam 
HI-Bam HI fragment and the 2.3-kb 
Bam Hl-Xho I fragment could be detect- 
ed with this particular HTLV-III cDNA 
_ probe (Fig. 3B)f 

^ Retroviruses called LAV (or some- 
times IDAV, and IDAVj) have been 
isolated from patients with lymphadeno- 
pathy syndrome and AIDS (IT). Al- 
though LAV has been reported to lack 
relatedness to HTLV-I and -II (17), fur- 
ther characterization of its proteins and 
nucleic acids may reveal that LAV is 
related to these viruses and is identical to 
or related to HTLV-III. 

The present data showing that certain 
nucleotide sequences of HTLV-III are 
homologous to sequences of HTLV4 
and HTLV-II support our proposal that 
this virus should be classified within the 
HTLV family. However, HTLV-III is 
much less related to HTLV-II and 
HTLV-I than HTLV-II and HTLV-I are 
to each other. It is of interest that still 
other HTLV-related T lymphotropic ret- 
roviruses have been identified in Old 
World monkeys {18). These primate vi- 
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Fig 3. Relatedness of the genome of HTLV-III Z with the genomes of HTLV-l and HTLV-II. 
_DNA from subclones of HTLV-I ST and HTLV-II MO was digested with the indicated restriction 
enzvmes. Fraements were separated by agarose gel electrophoresis, transferred to a nitrocellu- 
lose* membrane [24). and hybridized_wiih HTLV-III Z cDNA. (A) HTLV-I subclones were 
constructed bv "shotgun" cloning of fragments generated by codigestton with Pst 1 and bst I 
into pBR322 containing fragments designated a to e on the illustrated restriction map ot HTLV- 
I The viral inserts were released by digestion with the appropriate enzymes. (BUtTL v-i] 
(pMO) DNA: Lane 1, digested with Bam HI; lane 2, digejteiwjthjam HI plus SmaJ: lane 3, 
digested with Bam HI plusXho 1. The cDN A was synthesized as in Fig. I and hybridization was 
performed as in Fic7 2, except that the hybridization mixtur«.ontaincd 40 percentjprmamide. 



ruses are closely related to HTLV-I and 
only minimally to HTLV-II (19). Al- 
though the most conserved sequences,of 
HTLV-III are in the region spanning the 
junction of the predicted gag and pol 
genes, other weakly homologous se- 
quences are also detected in the env and 
pX genes. Homology in the gag and env 
coding sequences has already been sug- 
gested by immunological cross-reactivity 
between these antigens derived from the 
three subgroups (14). Homology in the 
pX region is an additional demonstration 
that HTLV-III belongs to the HTLV 
family, which is unique among retro- 
viruses in its possession of the pX genes 
(20. 21). It is interesting that pX is the 
most conserved region between HTLV-I 
and HTLV-II (21) and that both of these 
viruses can transform T cells in vitro. In 
contrast, the pX region is much less 
conserved in HTLV-III, a cytopathic 
virus that tacks transforming activity (/ 1 , 
12). 

Comparisons of the LTR regions be- 
tween HTLV-I and HTLV-II have re- 
vealed a conserved 21 -bp repeat se- 
quence in two otherwise very divergent 
LTR*s (22). The location of this se- 
quence upstream of promoter sequences 
suggests that it is similar to other viral 
enhancer sequences. In view of the tro- 



pism of HTLV-III for OKT4* lympho- 
cytes, it will be interesting to see if this 
virus also has such an enhancer se- 
quence in its LTR. Our present study 
^does not allow us to compare specifically 
the LTR of HTLV-III to those of HTLV- 
I and -II. However, the weak signal 
obtained with 5' and 3' ultimate frag- 
ments containing the LTR suggest that 
these elements have minimal or no ho- . 
mology. 
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Growth Self-Incitement in Murine Melanoma B16: 
A Phenomenological Model 

Abstract. The growing murine melanoma B16 secretes increasing quantities of a 
substance or substances immunologically cross-reactive with insulin. The elevated 
concentrations of these substances in blood are accompanied by a decrease in blood 
glucose concentration and release of growth hormone, which is followed by 
increased tumor growth. By use of a phenomenological model based on these data, 
we show that B16 incites its own growth by positive feedback. 



.^^^ulinemic animals with melanoma Bl6, 
^^ICRI concentrations in the blood may 
be more than five times greater than 
normal insulin concentrations and are 
correlated with tumor volume (Fie. 1 A)* 
SICRFs also appear in diabetic melano- 
ma-bearing mice (9). By fractionating 
tumor extract on a Sepharose 6B col- 
umn, we obtained an apparent relat- .v 
molecular size for B 16 S1CRI of 120.000 
{10), as in non-Hodgkin's lymphoma (5), 
Increase of tumor volume and of SICR1 
concentrations was accompanied by a 
decrease in blood glucose concentra- 
tion (Fig. IB). The correlation between 
amounts of SICRI and blood glucose was 
high. 

Our phenomenological model is based 
on consideration of (i) exponential v.-|. 
ume-SICRI and SICRI-glucose relations 
(Fig. 1) and (ii) the Gompertzian tumor 
growth model (14) modified to include 
positive feedback and chosen empirical- 
ly because of its demonstrated applica- 
bility to tumor growth (14). Figure 2 
shows the proposed feedback loop for- 
mulated by the following relations. 



Certain human (7-5) and murine (6-6*) 
tumors produce and secrete a substance 
or substances immunologically cross-re- 
active with insulin (SICRI's). Several 
features distinguish SICRIs from insulin 
and show that they are of tumor origin: 
(i) their high concentrations observed 
also in tumor-bearing diabetic patients 
(2, 5) and diabetic mice (6-9); (ii) the 
restoration of normal insulin concentra- 
tions after removal of the tumor (7, 2, 4); 
(iii) the high concentrations of SICRI's 
within tumor tissue (/, 2, 9, 10); and (iv) 
the lack of a correlation between concen- 
trations of circulating SICRI's and C- 
peptide (5, //). Yet SICRI's display insu- 
lin-like action in that they decrease blood 
glucose in tumor patients (2-5) and tu- 
morous mice (6*. 8, 9). 

We now show that in murine melano- 
ma B16 the concentration of SICRI's in 
blood is a function of tumor volume and 
that glucose concentration in blood is a 
function of SICRI concentration. The 
decreased amount of glucose in blood is 
correlated with elevated amounts of cir- 
culating growth hormone which, in turn, 
is paralleled by increased tumor growth. 
By use of a phenomenological model 
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based only on correlations of tumor vol- 
umes and SICRI and glucose concentra- 
tions in blood, we show that a positive 
feedback — that is, growth seLf-incite- 
ment— occurs in melanoma B16. 

Male C57BL/H Irb mice 2.5 months of 
age and weighing 22 g each were housed 
five to a cage and given free access to 
water and standard pelleted food. The 
tumor, originally obtained from the Holt 
Radium Institute (Manchester, En- 
gland), has been maintained at the 
Rugjer Boskovic Institute since 1975 by 
subcutaneous inoculations of 2 x 10 6 
cells into the flanks of recipient animals. 
Three opposite diameters (A, 5, and C) 
of almost spherical prolate ellipsoid tu- 
mors were measured, and their volume 
was calculated as V = ABCtt/6. Blood 
glucose concentrations were measured 
by the ortho-toluidine method (72). The 
SICRI concentrations were determined 
by insulin-specific radioimmunoassay 
(13) with the use of Phadebas kits (Upp- 
sala, Sweden); therefore, these concen- 
trations are relative and expressed as 
insulin equivalents (5). 

Secreting tumors release SICRFs even 
in alloxan-diabetic mice (6). In normoin- 



S = ae aV ; a,a > 0 



H) 



G = be~* s = be~ a ^ v = g(V); b$ > 0 

(2) 

V=/(C./)= Voe™* 1 -'-*>; V 0 , 7 >0 

(3) 

P„(G) = a, + a 2 G -r . . . + a „G n ' l (4) 

where S and G denote SICRI and glu- 
cose concentrations, respectively, V.-. ;he 
initial tumor volume, and V the icmor 
volume at time (/) after transplantation of 
the tumor. The symbols a t b f a, 7, aj, 
fl2» • • ■ , a n are parameters obtained by 
the least-square fitting of the empirically 
chosen functions 1 to 3 to the data (see 
Table I). The parameter a 2 differs signifi- 
cantly from zero, while g 3 (and also a 4 . 

a s a n ) can with fair confidence be 

taken as zero according to the value o r F 
[see (75)]. Thus, volume appears to de- 
pend significantly on glucose concentra- 
tion; this dependence is described by a 
simple exponential function. 

The feedback can be measured by 
calculating the open-loop gain parameter 
(H) [see (76)]. Here the infinitesimal 
changes of tumor volume (dV) and glu- 
cose concentration (dG) according to 
Eqs. 2 and 3 are 



dv= V±j) 



dG + 



Sf(G.y) 



dv 



y - 4* 

(5) 



dC = d -i^\ ■ dV (6) 
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